period showed pH 7.18; P02 213; PC02 65.8; standard bicarbonate 19.7; and BE -5.7. Although malignant hyperthermia was apparently considered, a diagnosis of malfunctioning soda lime absorber was favoured. No written comment was made at the time and neither temperature or blood gas analysis were documented on the anaesthetic record. It was unfortunate that the anaesthetist involved was unwell at the time and remained absent, ill, for the next three weeks.
The patient presented two weeks later for posterior wiring and bone grafting. Preanaesthetic assessment procedure determined that the patient had been previously fit except for an operation for an eye injury at the age of five. He gave no personal or family history of anaesthetic problems. Anaesthesia was induced with thiopentone, succinylcholine facilitated intubation and pancuronium was used to maintain relaxation. He was maintained with nitrous oxide 1.0 litre/min; oxygen 1.0 litre/m in and isoflurane via a circle absorber system. Monitoring consisted of a radial arterial line, ECG and pulse oximeter. He was placed in a prone position and the operation proceeded uneventfully for over two hours. The procedure was ending when the heart rate increased over several mintes to 100 beats/min. This was thought to be due to lightening of anaesthesia. However, the oxygen saturation which had previously been greater than 98% fell over the next few minutes to 88%. Blood gases were taken and the patient was turned supine. At this time the soda lime was noted to be very hot and the diagnosis of malignant hyperpyrexia was made.
Two hours of vigorous resuscitation ensued with many staff involved. The first recorded temperature was 41.9°C. Dantrolene preparation was begun. The patient was packed in ice and hyperventilated with 100% oxygen from a volatile agent-free machine. The first blood gases showed a pH of 6.86; PC02 170 mm; P02 54 mm; standard bicarbonate 16.4 and BE -8.9. Bicarbonate 200 ml and mannitol 25 g were given and internal cooling started via nasogastric and urinary catheter irrigation.
Rapid cardiovascular deterioration followed with the mean arterial pressure (MAP) falling from 95 to 44 mmHg followed by ventricular tachycardia. Treatment with two 1 mg boluses of adrenaline, three DC countershocks, 200 mg of lignocaine and 500 mg bretylium tosylate followed. After a short period of stability, various arrhythmias ensued. These included supraventricular tachycardias, slow idioventricular rhythms and a short period of asystole. An insulinl dextrose infusion was used to reduce the initial potassium of 7.2 mmolll; an adrenaline infusion was given to maintain MAP, and verapamil administered for supraventricular tachycardia.
Stable MAP, sinus rhythm and a temperature below 37"C were achieved after two hours of active resuscitation and a total of twenty-seven ampoules (540 mg) of dantrolene. The soda lime had been changed three times due to massive C02 production. Fifteen minutes later the patient opened his eyes to command. He was then sedated and transferred to the Intensive Care Unit. On arrival in ICU his temperature had fallen to 34°C. He was ventilated to maintain normocarbia and his urine output was maintained above 200 mllhour with fluid loading and a dopamine infusion. Sedation was maintained with a morphine infusion.
His temperature steadily rose again until eight hours postoperatively when at 39°C it was decided to give further dantrolene (2.5 mg/kg) despite a base deficit of only 1.4 and a PC02 of 39 mm. This action reversed the upward trend and his temperature settled at 38°C. Initial potassium requirements were large with 170 mmol being given in the first twelve hours.
By 23 hours postoperatively his temperature remained stable but his base deficit had gradually fallen to -8.5 so a further dose of dantrolene was given and there were no further problems. His temperature returned to normal by 36 hours and it was possible to extubate him on the fourth postoperative day.
There was no deterioration in his neurological status from his preoperative findings. No significant coagulopathy developed; however, he did sustain a significant hepatic insult, with all liver enzymes being elevated and his bilirubin reaching a peak of 258 IJ,mol/l five days postoperatively. This returned virtually to normal two weeks later. His creatinine phosphokinase levels were elevated but myoglobin was not detected in the urine.
The patient declined muscle biopsy but tests on two sisters showed strong positive contractions to both caffeine and halothane according to the diagnostic criteria of the European Malignant Hyperthermia Group. I
DISCUSSION
The patient is a sixth generation descendent of a large family in the area known to carry the malignant hyperthermia gene. Although his name was on an incomplete list of related family surnames, no known problem had been encountered with this branch previously. As no malignant hyperthermic reactions had occurred in this hospital since 1974 the general level of staff awareness may have diminished with time. 2 Subsequent failures in communication were largely responsible for our overlooking the malignant hyperthermia susceptibility of this patient. Abnormal findings during the first anaesthetic and blood gas analysis results had not been documented on the anaesthetic record. The anaesthetist had discussed the possibility of malignant hyperthermia with the surgeon after the first operation but this was overlooked two weeks later. Theatre staff were aware that the patient's family name was on a suspect list but this was not communicated to a different anaesthetist prior to the second operation. The result of a creatinine kinase test ordered immediately before the operation was not available at the time of induction of anaesthesia. At routine preoperative examination, the patient did not proffer any information about problems with previous anaesthetics with himself or with distant family members although five had had fatal reactions. This was not surprising for, as far as he was aware, he had had three uneventful anaesthetics. It has also been our experience in retrospect that other members of the distant family, although knowing of the problem and the risk, volunteered no such information about themselves. An education program for families carrying the malignant hyperthermia gene is planned for the future.
Subsequently, we have endeavoured to improve screening procedures and increase the safety of patients undergoing anaesthesia. Staff seminars and the frequent performances of muscle biopsies also maintain an awareness of malignant hyperthermia.
A comprehensive genealogical data base has been compiled and the records are maintained by a specialised computer program. So far there are 70 different family names and 690 relatives going back to 1840. Descendants' charts containing all family members known to us are updated regularly and a list of surnames cross-referenced to the chart is prominently displayed in the operating theatre, dental unit, CT scan unit and maternity theatre. Patients for operation are checked against this list the day before operation and suspicious names followed up.
The surnames of married women present a problem in that they may change on remarriage while some have preferred to retain their maiden name. To circumvent this, maiden names only are stored in the database. Another problem is the volunteering that a particular patient is related to the family without any indication whether this is by blood or marriage. Many such people are also unaware of grandparents' names and, in some cases, mother's maiden names, all important in trying to establish true relationships. This family is still expanding and the genealogical work continuing.
Many of the names are common in the community and several from the suspect list appear each week. Of these only two or three patients a month are related to susceptible patients or are known to be at risk themselves. Those patients whose malignant hyperthermia status has been confirmed by muscle biopsy have their medical records specially labelled -red for susceptible and green for non-susceptible. Of considerable importance is the documentation of abnormal events occurring during anaesthesia. In retrospect a malignant crisis was developing during the first anaesthetic but resolved without treatment but later problems might have been avoided if this had been noted on the first anaesthetic record. Restructuring of our anaesthetic record allows greater space to document such abnormal events.
Several problem areas have been targeted to increase the safety of patients undergoing anaesthesia, the theatre environment, anaesthetic protocols, optimum monitoring resuscitation and therapeutic measures. Uncertainty has existed regarding the safe time interval after previous theatre use and little information was available for this. Assuming a safe concentration of 1 ppm, 4 halothane concentrations were measured at two different sites in theatre using Miran 103 and Miran lA infra-red gas analysers. Vapour concentrations of less than I ppm were achieved rapidly and we now regard 60 minutes as a very generous time interval between theatre use. 5 Protocols for these particular groups of patients presenting for anaesthesia have been developed. These include known high-risk patients (previous malignant hyperthermia reaction or positive muscle biopsy or high creatinine phosphokinase levels), obstetric patients related to malignant hyperthermia susceptible families and those undergoing muscle biopsy. For the first two groups these protocols have been based on the work of Douglas 6 and Flewellen. 7 For muscle biopsies a standard anaesthetic protocol using either a regional technique, or trigger-free agents for general anaesthesia has been devised.
Routine monitoring involves the use of ECG, temperature measurement and pulse oximetry. End-tidal C02 monitoring together with early blood gas analysis is considered the most sensitive method for detecting the onset of malignant hyperthermia syndrome. 8 The earliest biochemical changes are an increase in carbon dioxide and lactate production. The increase in oxygen consumption may be small in comparison to the large disturbance in acidbase balance. 9 A change in oxygen saturation occurred in this patient after the reaction was well established and although oximetry may be more sensitive if a lower FI02 is used it should be regarded as a late and nonspecific indicator. Signs of increased carbon dioxide production such as tachypnoea and rapid exhaustion of soda lime are also important in the spontaneously breathing patient.
Difficulty in dissolving dantrolene was a problem during this resuscitation. Subsequently a rapid method of reconstituting dantrolene using one litre Viaflex bags of sterile water and a disposable transfer set has been developed. lo 
